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(54) TRACKING CONTROL APPARATUS AND METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a tracking 
control apparatus and method based on a 1-beam method 
which enables adaptively setting of the optimum servo 
coefficient for each optical disc. 

SOLUTION: A difference (E-F) between signals E and F 
and a sum (E+F) thereof from terminals 1 1 and 12 are 
found by an subtraction amplifier 1 3 and an addition 
amplifier 14 to find a standardized push/pull signal NPP = 
(E-^)/(E+F) with a division circuit 20. The amplitude of 
the signal is detected by a signal amplitude detection 
circuit 30 and sent to a coefficient calculation circuit 50 
through an A/D conversion circuit 40 to set a tracking 
servo coefficient K according to the amplitude of the NPP 
signal. A moving value signal CSL of an objective lens 
generated by top hold circuits 65 and 66 and a subtraction 
amplifier 70 is multiplied by the coefficient K using a 
multiplication amplifier 80 to make a cancel signal, which 
is subtracted from a pushpull signal PP by a subtraction 
amplifier 99. Thus, the offset of the signal PP is cancelled 
to obtain the optimum tracking error. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the tracking control unit and the tracking control 
approach of canceling the offset produced to the tracking error signal generated using the push pull 
method especially in the 1 beam method about the tracking control of the light beam irradiated by 
the optical disk. 
[0002] 

[Description of the Prior Art] The optical disk unit which reproduces the signal recorded on the 
optical disk converged, irradiated the light beam in the signal side of an optical disk, and is equipped 
with the optical pickup which receives the return light and outputs a regenerative signal and the error 
(error) signal for servoes. 

[0003] In the optical disk with which the spindle of an optical disk unit is equipped and by which a 
rotation drive is carried out, the deflection of the direction of an optical axis by the deflection radial 
[ by the eccentricity of a center hall, the eccentricity produced at the time of chucking ], curvature, 
thickness unevenness, etc. has always arisen. For this reason, optical pickup follows in footsteps of 
the deflection of the optical disk accompanying a rotation drive, and it is controlling so that the 
condensing point of a light beam is always irradiated on the truck of a signal side. 
[0004] For example, the track pitch is set to 1.6 micrometers, and tracking control of the compact 
disk (CD) is carried out so that the condensing point of a light beam may become the range of about 
**0.1 micrometers from a truck to this. Moreover, the deflection width of face of the direction of an 
optical axis of a signal side is permitted to about **0.5mm, and focal control is carried out so that a 
condensing point may become the range of about **1 micrometer from a signal side to this. 
[0005] Control of such an exposure location of a light beam is performed by making a part of optical 
system of optical pickup move slightly with an actuator according to a control signal etc. This 
control signal is the tracking error signal and the focal error signal which are obtained from the 
return light from an optical disk, and the above-mentioned control is performed by supplying these to 
servo system. 

[0006] As a typical approach for acquiring an above-mentioned tracking error signal, the 3 beam 
method and the 1 beam method are used. 

[0007] The 3 beam method is an approach of arranging a diffraction grating (grating) on the outward 
trip of the light beam irradiated by the optical disk, generating three light beams which consist of the 
main beams (zero-order light) and two side beams (primary [ **] light), and using two side beams 
for detection of a tracking error. By this approach, the photo detector for detecting two side beams is 
arranged on both sides of the photo detector for detecting the main beam, and a tracking error signal 
is acquired from change of the return light of a side beam generated according to the amount of gaps 
from the truck location of the condensing point of the main beam irradiated by the truck of an optical 
disk. 

[0008] On the other hand, the 1 beam method is an approach of irradiating one beam at an optical 
disk and acquiring a tracking error signal from the return light. In the optical system using this 1 
beam method, optical elements, such as a grating needed when using the 3 beam method, are 
omissible. 

[0009] Drawing 15 shows an example of the optical system of the optical pickup obtained in the 
tracking error signal by the 1 beam method. 

[0010] It is reflected by slant-face 212a of prism 212, it is condensed with a beam splitter 222 and an 
objective lens 223, and the light from the laser diode 21 1 which is the light emitting device section 
of the carrier light emitting device 210 constituted on the substrate 217 is irradiated by the optical 
disk 200. Focal control of this condensed optical spot 224 is carried out so that it may be located in 
signal side 200a of an optical disk 200. 

[001 1] The return light from an optical disk 200 passes along an objective lens 223 again, is a beam 
splitter 222 and is divided into the optical path which faces to a photodetector 225, and the optical 
path which faces to the prism 2 1 2 of the carrier light emitting device 210. 

[0012] The photo detector section of the carrier light emitting device 210 has the photodetectors 213 
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and 215 with the light-receiving side quadrisected, respectively, and is constituted, it is reflected 
further and it carries out incidence of the focus 214 also to an epilogue and a photodetector 2 1 5 by 
top-face 212b of prism 212 while carrying out incidence of the return light which carried out 
incidence from slant-face 2 1 2a of prism 2 1 2 to a photodetector 213. 

[0013] He is trying for the photo detector section of this carrier light emitting device 210 to obtain 
focal error signal FE in this optical system. Here, focal error signal FE is obtained by the operation 
of the following (1) types. However, in (1) type, Signal a - Signal d are photodetection signals from 
each light-receiving field a-d of the light-receiving side where the photodetector 213 was 
quadrisected, and Signal e - Signal g presuppose similarly that it is a photodetection signal from each 
light-receiving field e-g of the light-receiving side where the photodetector 215 was quadrisected. 
[0014] 

FE= {(a+d)-(b+c)}-{(e+h)-(f+g)} (1) 

On the other hand, either the above-mentioned photodetector 213,215 or a photodetector 225 can 
acquire the tracking error signal TE by this optical system. 

[0015] For example, when acquiring the tracking error signal TE from a photodetector 225, {(i+j)- 
(k+1)} which is the difference of the photodetection signal (i+j) from the left-hand side light- 
receiving field of a light-receiving side and the photodetection signal (k+1) from a right-hand side 
light-receiving field is taken out as a push pull signal PP. In addition, below, the case where the 
tracking error signal TE is acquired from this photodetector 225 is explained as an example. 
[0016] Drawing 16 shows the configuration of the light-receiving side of the photodetectors 213,215 
and 225 of optical pickup using the 1 beam method illustrated to drawing 15 . 

[0017] Generally the light-receiving side of each of these photodetectors is divided or more into two 
to the direction of a truck of an optical disk 200, and shows the example currently quadrisected here. 
For example, let the light-receiving side from the end be the light-receiving field i, the light- 
receiving field j, the light-receiving field k, and the light-receiving field 1 in the photodetector 225 at 
order. 

[0018] And E signal used for tracking control is acquired as the sum (i+j) of the signal from two 
light-receiving fields i on the left-hand side of this quadrisected light-receiving side, and the signal 
from the light-receiving field j. Similarly, F signal used for tracking control is acquired as the sum 
(k+1) of the signal from the light-receiving field k and the signal from the light-receiving field 1 
which are two light-receiving fields on the right-hand side of this quadrisected light-receiving side. 
Usually, the differential signal (E-F) of this E signal and F signal is used for tracking control as a 
push pull signal PP. 

[0019] By the way , since the core of a photodetector and the core of return light that the light- 
receiving side was divided stop being in agreement in case tracking control is performed by the 1 
beam method using optical system which was mentioned above when only an objective lens 223 is 
moved, as the dotted line in drawing 16 shows, the incidence location of the spot on the light- 
receiving side of a photodetector will move, and offset will occur to the tracking error signal TE. For 
this reason, RF which it becomes impossible to control the physical relationship of a truck and a light 
beam correctly, and is reproduced from an optical disk may deteriorate. 

[0020] Then, canceling this offset is performed using the movement magnitude signal according to 
the movement magnitude of an objective lens 223, or the movement magnitude of the optical spot 
224 on an optical disk 200. 

[0021] For example, if the above-mentioned movement magnitude signal is set to CSL and the 
multiplier of the servo system of tracking control is set to K by the 1 beam method, in a 
photodetector 225, the tracking error signal TE will be acquired by the following (2) types. 
[0022] 

TE ={(i+j)-(k+l)}-K x CSL (2) 
[0023] 

[Problem(s) to be Solved by the Invention] However, by the conventional tracking servo system, the 
above-mentioned servo multiplier K was a fixed value. However, since there was dispersion in an 
optical disk or the property of optical pickup, the value of the above-mentioned K was made the 
optimal to no optical disks. 

[0024] For this reason, in the optical pickup using the 1 beam method, there was a problem that 
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highly-precise-izing of a tracking servo and improvement in dependability were difficult. 
[0025] This invention is performed in order to solve such a problem, and it aims at offering the 
tracking control unit and the tracking control approach using the 1 beam method which can set up a 
servo multiplier for every optical disk, and can raise the precision and dependability of servo system 
properties differ. 
[0026] 

[Means for Solving the Problem] The tracking control unit of this invention proposed in order to 
solve the above-mentioned technical problem By deducting the cancellation signal with which the 
multiplication of the correction factor was carried out from the push pull signal acquired from the 
return light of the light beam irradiated by the optical disk In the tracking control unit which cancels 
offset of the tracking error signal produced according to migration of an objective lens or migration 
of the exposure location of the light beam on an optical disk A movement magnitude signal detection 
means to detect the movement magnitude signal produced according to the movement magnitude of 
an objective lens, or the movement magnitude of the exposure location of the light beam on the 
above-mentioned optical disk, A correction factor setting means to set up the correction factor by 
which multiplication is carried out to the above-mentioned movement magnitude signal according to 
the amplitude of the above-mentioned push pull signal, A cancellation signal generation means to 
carry out the multiplication of the above-mentioned correction factor by which a setup is carried out 
to the above-mentioned offset component, and to generate a cancellation signal, It is characterized by 
having a tracking error signal generation means to deduct the above-mentioned cancellation signal 
from the above-mentioned push pull signal, and to generate a tracking error signal. 
[0027] Moreover, the tracking control unit of this invention proposed in order to solve the above- 
mentioned technical problem By deducting the cancellation signal with which the multiplication of 
the correction factor was carried out from the push pull signal acquired from the return light of the 
light beam irradiated by the optical disk In the tracking control unit which cancels offset of the 
tracking error signal produced according to migration of an objective lens or migration of the 
exposure location of the light beam on an optical disk A movement magnitude signal detection 
means to detect the movement magnitude signal produced according to the movement magnitude of 
an objective lens, or the movement magnitude of the exposure location of the light beam on the 
above-mentioned optical disk, A correction factor setting means to set up the correction factor by 
which multiplication is carried out to the above-mentioned offset component according to the 
amplitude of a truck wobble signal, A cancellation signal generation means to carry out the 
multiplication of the above-mentioned correction factor by which a setup is carried out to the above- 
mentioned movement magnitude signal, and to generate a cancellation signal, It is characterized by 
having a tracking error signal generation means to deduct the above-mentioned cancellation signal 
from the above-mentioned push pull signal, and to generate a tracking error signal. 
[0028] Moreover, the tracking control approach of this invention proposed in order to solve the 
above-mentioned technical problem By deducting the cancellation signal with which the 
multiplication of the correction factor was carried out from the push pull signal acquired from the 
return light of the light beam irradiated by the optical disk In the tracking control approach which 
cancels offset of the tracking error signal produced according to migration of an objective lens or 
migration of the exposure location of the light beam on an optical disk The movement magnitude 
signal detection process of detecting the movement magnitude signal produced according to the 
movement magnitude of an objective lens, or the movement magnitude of the exposure location of 
the light beam on the above-mentioned optical disk, The correction factor setting process of setting 
up the correction factor by which multiplication is carried out to the above-mentioned offset 
component according to the amplitude of the above-mentioned push pull signal, The cancellation 
signal generation process which carries out the multiplication of the above-mentioned correction 
factor by which a setup is carried out to the above-mentioned offset component, and generates a 
cancellation signal, It is characterized by having the tracking error signal generation process which 
deducts the above-mentioned cancellation signal from the push pull signal by which standardization 
was carried out [ above-mentioned ], and generates a tracking error signal. 
[0029] Moreover, the tracking control approach of this invention proposed in order to solve the 
above-mentioned technical problem By deducting the cancellation signal with which the 
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multiplication of the correction factor was carried out from the push pull signal acquired from the 
return light of the light beam irradiated by the optical disk In the tracking control approach which 
cancels offset of the tracking error signal produced according to migration of an objective lens or 
migration of the exposure location of the light beam on an optical disk The movement magnitude 
signal detection process of detecting the movement magnitude signal produced according to the 
movement magnitude of an objective lens, or the movement magnitude of the exposure location of 
the light beam on the above-mentioned optical disk, The correction factor setting process of setting 
up the correction factor by which multiplication is carried out to the above-mentioned movement 
magnitude signal according to the amplitude of a truck wobble signal, The cancellation signal 
generation process which carries out the multiplication of the above-mentioned correction factor by 
which a setup is carried out to the above-mentioned offset component, and generates a cancellation 
signal, It is characterized by having the tracking error signal generation process which deducts the 
above-mentioned cancellation signal from the above-mentioned push pull signal, and generates a 
tracking error signal. 

[0030] According to the above this invention, the tracking control unit and the tracking control 
approach of raising the dependability of the tracking servo to property dispersion of an optical disk 
can be offered. 
[0031] 

[Embodiment of the Invention] Below, it explains, referring to a drawing about the tracking control 
unit of this invention, and the gestalt of desirable operation of the tracking control approach. 
[0032] Drawing 1 is the block diagram showing the example of a configuration of the principal part 
of the tracking control device which is one gestalt of operation of this invention. 
[0033] This tracking control device takes out a push pull signal from the return light from an optical 
disk, and performs tracking control. 

[0034] E signal and F signal from optical pickup are inputted into input terminals 1 1 and 12. And 
these difference signals (E-F) are generated by the subtraction amplifier 13, and these sum signals 
(E+F) are generated by the summing amplifier 14. 

[0035] And the division circuit 20 does the division of the signal (E-F) by signal (E+F), and sends 
signal (E-F)/(E+F) of the result to the signal amplitude detector 30. 

[0036] It is a signal equivalent to the push pull signal PP which carried out differential detection and 
which was acquired by the photo detector which has the light-receiving side where the above- 
mentioned signal (E-F) was divided in the return light from an optical disk here, and signal (E-F)/ 
(E+F) which did the division of this by the sum signal (E+F) is equivalent to the standardized push 
pull signal NPP. 

[0037] The signal amplitude detector 30 detects the amplitude of the push pull signal NPP 
standardized from the division circuit 20. In addition, about the concrete example of a circuit for it, it 
mentions later. The amplitude detecting signal (amplitude value) from this signal amplitude detector 
30 is changed into a digital signal in the A/D-conversion circuit 40, and is sent to the multiplier 
calculation circuit 50. 

[0038] The multiplier calculation circuit 50 is for setting up the multiplier (gain) K of a tracking 
servo system according to the amplitude of the standardized push pull signal NPP, and sends 
multiplier (gain) control information to the multiplication amplifier 80 mentioned later. This 
multiplier calculation circuit 50 is constituted by the microcomputer etc. 

[0039] On the other hand, by the tracking control using the push pull signal PP, as mentioned above, 
if the offset component produced to the push pull signal PP according to the movement magnitude of 
the objective lens of optical pickup or the movement magnitude of the optical spot on an optical disk 
was not canceled, there was a problem that tracking control could not be performed correctly. 
[0040] For this reason, it is necessary to multiply the movement magnitude signal according to the 
movement magnitude of an objective lens, or the movement magnitude of the optical spot on an 
optical disk by the suitable correction factor, and to generate the signal (only henceforth a 
cancellation signal) for canceling offset. 

[0041] The top hold circuits 65 and 66 and the subtraction amplifier 70 are parts which generate this 
movement magnitude signal. 

[0042] The peak level of E signal inputted from an input terminal 1 1 is held in the top hold circuit 
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65. Similarly, the peak level of F signal inputted from an input terminal 12 is held in the top hold 
circuit 66. And it considers as the movement magnitude signal CSL to subtract the top hold value of 
this E signal, and the top hold value of F signal with the subtraction amplifier 70, and generate a 
cancellation signal. In addition, this movement magnitude signal CSL does not express the amount 
of gaps of the truck on an optical disk, and an optical spot itself. 

[0043] And with the multiplication amplifier 80, the multiplication of the servo multiplier K set as 
this movement magnitude signal CSL in the multiplier value calculation circuit 50 is carried out, and 
it is sent to the subtraction amplifier 90. 

[0044] On the other hand, with the subtraction amplifier 71, above-mentioned E signal and above- 
mentioned F signal are subtracted, and the signal (E-F) equivalent to the push pull signal PP is 
generated. 

[0045] And with the subtraction amplifier 90, the movement magnitude signal CSL signal with 
which the multiplication of the servo multiplier K was carried out is subtracted from the above- 
mentioned push pull signal PP, and it is outputted as the so-called top hold push pull (TPP) signal. 
[0046] Drawing 2 shows typically this top hold push pull signal TPP. That is, above-mentioned E 
signal and above-mentioned F signal are made into the signal with which the peak level was held 
uniformly. When an optical disk is a compact disk (CD), the return luminous intensity from the 
mirror side in which the record pit is not formed serves as max, and will give a top level. 
[0047] Drawing 3 shows an example of the signal amplitude detector 30 for detecting the amplitude 
of the standardized push pull signal NPP. 

[0048] Push pull signal PP= {(i+j)-(k+l)} and the total signal (i+j+k+1) from optical pickup are 
inputted into this signal amplitude detector. As mentioned above, this jpush pull signal PP is 
equivalent to a signal (E-F), and a total signal is equivalent to a signal (E+F). 
[0049] In the division circuit 20, the division of the signal {(i+j)-(k+ 1)} from the subtraction 
amplifier 13 is done by the signal (i+j+k+1) from a summing amplifier 14, and push pull signal NPP= 
{(i+j)-(k+l)}/(i+j+k+l) by which the result was standardized is sent to the top hold circuit 32 and the 
bottom hold circuit 33. 

[0050] And the top value held in the top hold circuit 32 and the bottom value held in the bottom hold 
circuit 33 are subtracted with the subtraction amplifier 34, and is sent to DC level detector 35. 
[0051] In DC level detector 35, DC level according to the amplitude of the standardized push pull 
signal NPP is detected from the signal of the difference of the top hold value of a NPP signal from 
the subtraction amplifier 34, and a bottom hold value. In addition, this DC level detector consists of 
analog-to-digital-conversion circuits etc., and a measurement value is temporarily stored in 
semiconductor memory etc. 

[0052] In addition, analog-to-digital conversion of the standardized push pull signal NPP is carried 
out besides the above signal amplitude detectors 30, and you may make it measure the difference of 
the peak value of a signal, and the average of a bottom value. 

[0053] Drawing 4 shows the example of a configuration of the top hold circuit 32 in the signal 
amplitude detector of drawing 3 . and the bottom hold circuit 33. 

[0054] Drawing 4 (a) shows an example of a top hold circuit. The standardized push pull signal NPP 
is inputted from a terminal 38, and capacity CI is charged through the diode D l arranged in 
resistance Rl and the forward direction. At this time, capacity CI is charged by even the maximum 
(peak) electrical potential difference of the NPP signal PP, and the electrical potential difference of 
those both ends is held at the peak value of the amplitude of a NPP signal. 

[0055] The output according to the maximum amplitude of the NPP signal inputted from a terminal 
38 is obtained from a terminal 39 by inputting the electrical potential difference of the both ends of 
this capacity CI into the operation amplifier 45. 

[0056] Here, since each of hard flow resistance of the diode Dl seen from capacity CI and input 
impedances of the operation amplifier 45 is large enough, the charge currently held at capacity CI 
discharges through the resistance R2 connected to capacity CI and juxtaposition. For this reason, it 
is determined that the time constant given as the product CI of resistance Rl, and capacity CI and 
resistance R2 and R2 will become suitable to the frequency of the NPP signal inputted. 
[0057] Drawing 4 (b) shows an example of a bottom hold circuit. Although this configuration is the 
same as the configuration of the above-mentioned top hold circuit, when the sense of diode D2 is a 
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top hold circuit, it is reverse. 

[0058] That is, capacity C2 is connected to the terminal 38 into which a NPP signal is inputted 
through the diode D2 arranged to resistance R3 and hard flow, and when the electrical potential 
difference of the push pull signal PP inputted into a terminal 38 is lower than the electrical potential 
difference of the both ends of capacity C2, capacity C2 discharges through diode D2 and resistance 
R3. Therefore, the electrical potential difference of the both ends of capacity C2 is held at the bottom 
value of the amplitude of a NPP signal. The output according to the minimum amplitude of the push 
pull signal PP inputted from a terminal 38 is obtained from a terminal 41 by inputting the electrical 
potential difference of the both ends of this capacity C2 into the operation amplifier 46. 
[0059] In addition, the above-mentioned top hold property and above-mentioned bottom hold 
property of a circuit are chosen so that it may be the the best for detecting the amplitude of the push 
pull signal acquired by each optical disk and each optical pickup, or a truck wobble signal. 
[0060] Next, another example of a configuration of the signal amplitude detector 30 for detecting the 
amplitude of the standardized push pull signal NPP is explained. 

[0061] Drawing 5 shows another example of a configuration of the signal amplitude detector 30 for 
detecting the amplitude of the standardized push pull signal NPP. 

[0062] In this circuit, DC removal circuit 36 removes DC component of the push pull signal NPP 
standardized in the division circuit 20. And amplitude value is obtained in DC level detector 35 by 
doubling the value by which the top hold was carried out in the top hold circuit 33 two with the 
operation amplifier 37. 

[0063] Thus, without using a top hold circuit and a bottom hold circuit, it may double top hold value 
2 and you may ask for the amplitude of a NPP signal. 

[0064] Drawing 6 shows the example of a configuration of DC removal circuit 36 used for the signal 
amplitude detector explained above. 

[0065] The standardized push pull signal NPP is inputted from a terminal 42, and a part for the direct 
current is prevented by capacity C3. And the electrical potential difference of the end is inputted into 
the operation amplifier 47 through resistance R5. The standardized push pull signal NPP by which an 
in one direction flowed part was removed and predetermined gain was able to multiply by this is 
outputted from a terminal 43. 

[0066] In addition, the property of this DC component removal circuit is chosen so that it may be the 
the best for detecting the amplitude of the push pull signal acquired by each optical disk and each 
optical pickup, or a truck wobble signal. 

[0067] Moreover, although DC removal circuit which constitutes a high pass mold filter is 
illustrated, the band pass mold filter which has the property of passing the truck wobble signal 
component TW which it push-pull-signal-PP(s) or is mentioned later can also be used here. 
[0068] Next, the gestalt of another operation of the tracking equipment of this invention is explained. 

[0069] Drawing 7 is the block diagram showing another example of a configuration of the principal 
part of the tracking control device as one gestalt of operation of this invention. 
[0070] This tracking control device detects the push pull signal PP from the return light from an 
optical disk which has the guide rail formed in the optical disk in the shape of meandering, removes 
offset of that push pull signal PP, and a tracking error signal is acquired. 

[0071] E signal and F signal from optical pickup are inputted into input terminals 111 and 112. And 
these difference signals (E-F) are generated with the subtraction amplifier 113, and these sum signals 
(E+F) are generated in a summing amplifier 114. 

[0072] And the division circuit 120 does the division of the signal (E-F) by signal (E+F), and sends 
standardized push pull signal (E-F)/(E+F) which is the signal of the result to the signal amplitude 
detector 130. In addition, what carried out differential detection of the truck wobble signal TW is 
equivalent to a push pull signal here. 

[0073] The signal amplitude detector 130 detects the amplitude of the truck wobble signal TW from 
the division circuit 120. The same circuit as what was shown as an example of the signal amplitude 
circuit 30 mentioned above can be used for this signal amplitude detector 130. The amplitude value 
from this signal amplitude detector 130 is changed into a digital signal in the A/D-conversion circuit 
140, and is sent to the multiplier calculation circuit 150. 

i 
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[0074] The multiplier calculation circuit 150 is for controlling the multiplier Kw of a tracking servo 
system according to the amplitude of the truck wobble signal TW, and sends multiplier (gain) control 
information to the gain control amplifier 180 mentioned later. This multiplier calculation circuit 150 
is constituted by the microcomputer etc. 

[0075] On the other hand, as mentioned above, it is necessary using the movement magnitude signal 
according to the movement magnitude of an objective lens 123, or the movement magnitude of the 
optical spot 224 on an optical disk 200 to cancel offset of a push pull signal in the tracking control by 
the push pull method in the 1 beam method. 

[0076] Band pass filters 163 and 164, the top hold circuits 165 and 166, and the subtraction amplifier 
170 are parts which generate this movement magnitude signal. 

[0077] a signal inputted from an input terminal 161 is sent to the top hold circuit 165 through a band 
pass filter 163, and a peak level is held, similarly, d signal inputted from an input terminal 162 is sent 
to the top hold circuit 166 through a band pass filter 164, and a peak level comes out and it is held. 
And the top hold value from the top hold circuits 165 and 166 is subtracted with the subtraction 
amplifier 170, and is made into the movement magnitude signal CSL for generating a cancellation 
signal. In addition, above-mentioned a signal and above-mentioned d signal are a truck wobble 
signal from the light-receiving field a and the light-receiving field d of both ends of the 
photodetector with which the light-receiving side was quadrisected, and are a signal which carried 
out differential detection of the return light from the optical disk with which the wobble truck of an 
optical disk was formed. 

[0078] Moreover, center frequency of the passband of the above-mentioned band pass filter 163,164 
is set to about 22kHz which is the frequency of wobbling of the truck of an optical disk. 
[0079] And with the subtraction amplifier 170, a signal by which the top hold was carried out from 
the top hold circuit 165, and d signal by which the top hold was carried out from the top hold circuit 
166 are subtracted, and the movement magnitude signal CSL is generated. In addition, as mentioned 
above, the above-mentioned movement magnitude signal CSL does not express the amount of gaps 
of the truck on an optical disk, and an optical spot itself. 

[0080] And with the gain control amplifier 1 80, the multiplication of the servo multiplier Kw set as 
this movement magnitude signal CSL in the multiplier value calculation circuit 150 is carried out, 
and it is sent to the subtraction amplifier 1 90. 

[0081] And the movement magnitude signal CSL signal with which the multiplication of the servo 
multiplier Kw was carried out is subtracted from the aforementioned push pull signal with the 
subtraction amplifier 190, and it is outputted as a push pull signal WPP according to the wobble 
amplitude of a truck. 

[0082] Drawing 8 shows typically the configuration of the wobble truck formed in the optical disk. 
[0083] The push pull signal PP can be acquired by modulating the return luminous intensity of the 
optical spot 224 irradiated by the truck (wobble truck) 301 of an optical disk 300 in which the guide 
rail moved in a zigzag direction (wobble), and was formed according to this wobble. 
[0084] Such a wobble truck is used for the recordable magneto-optic disk. There is a magneto-optic 
disk with a diameter of 64mm with which the wobble frequency was set to 22kHz as mentioned 
above, and the amplitude of 1 .6 micrometers and a wobble was set to 0.03 micrometers for the track 
pitch as an example. By forming this wobble truck, on an optical disk, the address of the signal 
recorded / reproduced is formed and the thing of it can be carried out. 

[0085] Drawing 9 shows an example of the amplitude detector 130 for detecting the amplitude of the 
truck wobble signal TW. 

[0086] Although this amplitude detector 130 is the same as the above-mentioned amplitude detector 
30, the points which consider as the truck wobble signal TW which carries out differential detection 
and obtains the return light from a wobble truck, and are made to acquire a push pull signal differ. 
[0087] The push pull signal {(i+j)-(k+l)} and total signal (i+j+k+1) from optical pickup are inputted 
into this signal amplitude detector 130. This push pull signal is equivalent to a signal (E-F), and a 
total signal is equivalent to a signal (E+F). 

[0088] In the division circuit 120, the division of the signal {(i+j)-(k+l)} from the subtraction 
amplifier 1 13 is done by the signal (i+j+k+1) from a summing amplifier 114, and {(i+j)-(k+l)}/ 
(i+j+k+1) is sent to the top hold circuit 132 and the bottom hold circuit 133. [ of the result ] 
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[0089] And the top value held in the top hold circuit 1 32 and the bottom value held in the bottom 
hold circuit 133 are subtracted with the subtraction amplifier 134. 

[0090] And this truck wobble signal TW is sent to DC level detector 135, and DC level according to 
that amplitude is detected. 

[0091] Drawing 10 shows another example of the signal amplitude detector 130 for detecting the 
amplitude of the truck wobble signal TW. 

[0092] In this circuit, DC removal circuit 136 removes DC component of the push pull signal from 
the wobble truck standardized in the division circuit 120. And amplitude value is obtained in DC 
level detector 135 by doubling the value which carried out the top hold in the top hold circuit 133 
two with the operation amplifier 137. Thus, without using a top hold circuit and a bottom hold 
circuit, a top hold value may be doubled two and you may ask for the amplitude of the truck wobble 
signal TW. 

[0093] Next, the gestalt of implementation of the tracking control approach of this invention is 
explained. 

[0094] In the tracking control device concerning this invention mentioned above, the servo multiplier 
K set up so that it may become the optimal for every optical disk is a function of the amplitude value 
of the push pull signal NPP standardized with the total quantity of light which carries out incidence 
to a photodetector 225 . 

[0095] This standardized push pull signal NPP is given by the following (3) formulas. 
[0096] 

NPP ={(i+j)+(k+l)}/(i+j+k+l) (3) 

Moreover, the optimal tracking error signal TE is given by the following (4) types or (5) formulas. 
[0097] 

TE=(i+j)+(k+l)}-K (NPP) xCSL (4) 
TE=(i+j)+(k+l)}/(i+j+k+l)-K(NPP) xCSL (5) 

That is, in order to acquire the best tracking error signal TE for every optical disk, what is necessary 
will be just to calculate a NPP value for every optical disk. 

[0098] In addition, as mentioned above, detection of the amplitude value of this standardized push 
pull signal NPP is in the condition to which a tracking servo is not applied, and can be obtained from 
the value which held the top level of the signal after removing DC component from the standardized 
push pull signal NPP as a differential value of the signal which held the top level and bottom level of 
the standardized push pull signal NPP, respectively. 

[0099] On the other hand, with the optical disk in which the wobble truck was formed, where a 
tracking servo is applied, the multiplier Kw of a tracking servo can be obtained. 
[0100] The wobble truck signal TW is given by the following (6) formulas. 
[0101] 

Tw ={(i+j)+(k+l)}/(i+j+k+l) (6) 

Moreover, for every optical disk, since the multiplier Kw of the best tracking servo is the function 
value of the wobble truck signal TW, the best tracking error signal TE is searched for by the 
operation of the following (7) types or (8) types from an optical disk. 
[0102] 

TE={(i+j)+(k+l)}-TW(Tw) xCSL (7) 
TE={(i+j)+(k+l)}/(i+j+k+l)-TW(Tw) xCSL (8) 

Drawing 1 1 is the functional block diagram showing the flow of the main signals at the time of 
performing tracking control by the tracking control approach concerning this invention explained 
above. 

[0103] First, the amplitude of the push pull signal PP acquired from an optical disk or the amplitude 
of the wobble truck signal TW is called for with the signal amplitude detection means 230. 
[0104] Such amplitude value is changed into a digital signal with the analog-to-digital (A/D) 
conversion means 240, and is incorporated by the microcomputer 250. 

[01 05] This microcomputer 250 is a means for computing the multipliers K or Kw of a tracking 
servo, and controls the multiplier 280 later mentioned with a gain control signal according to the 
amplitude value of the push pull signal PP inputted through the A/D-conversion means 240, or the 
amplitude value of the wobble truck signal TW. Moreover, the above-mentioned amplitude value 
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and multiplier value [ of the tracking servo computed with the microcomputer 250 ] K (Kw) are 
values calculated for every optical disk, and it is held until it is stored in memory 255 and an optical 
disk is hung again at least. In addition, the servo multiplier obtained here holds a value in a level 
hold circuit, generalizes it in a servo circuit, and you may make it issue directions. And the value of 
the servo multiplier held is carried out neither in modification nor updating, as long as there are no 
directions from a microcomputer etc. 

[0106] in addition, K (NPP) or Kw (Tw) which is a function for computing the best servo multiplier 
K for the tracking by the 1 beam method — every class of optical disk — and since it exists for every 
time of /record at the time of playback, two or more functions are constituted by an electrical circuit 
or software. 

[0107] A multiplier 280 carries out the multiplication of the values K (NPP) or Kw of a servo 
multiplier (TW) to a CSL signal according to the gain control signal from a microcomputer 250. This 
CSL signal is a signal according to the movement magnitude of the objective lens of optical pickup, 
or the movement magnitude of the optical spot on an optical disk, as mentioned above. 
[0108] And with a subtracter 290, the CSL signal with which the multiplication of the value of the 
above-mentioned servo multiplier was carried out is subtracted from the push pull signal PP, and it is 
outputted as a tracking error signal 290. 

[0109] Drawing 12 is an example showing Kw value change to the amplitude value of the push pull 
signal NPP with which the above was standardized of a function. 

[0110] Thus, the value of the servo multiplier K changes according to the amplitude value of the 
standardized push pull signal NPP. 

[0111] Drawing 13 is a flow chart which shows the fundamental procedure which controls the servo 
multiplier K by the tracking control approach concerning this invention using the standardized push 
pull signal NPP. 

[01 12] First, a focus servo is turned on and it is made for the light beam irradiated by the optical disk 
to focus on the signal side of an optical disk at step SI. At this time, a tracking servo is not turned on 
and the optical spot by which focus control is carried out on the optical disk does not follow a truck 
yet. 

[0113] Next, the amplitude of the standardized push pull signal NPP is detected at step S2. Here, the 
approach of making it binary, after carrying out AID conversion of the level hold signal using level 
hold circuits, such as a top hold circuit and a bottom hold circuit, as mentioned above, the approach 
of detecting from the signal value made binary after carrying out A/D conversion of the standardized 
push pull signal NPP, etc. are used. 

[0114] Next, the servo multiplier K which can acquire the optimal tracking signal TE from the 
amplitude value of the detected push pull signal NPP which was standardized at step S3 is computed. 
Here, the optimal tracking signal TE is a tracking error signal with which a truck gap becomes the 
smallest to the environment considered as recording / reproducing a signal at the difference between 
optical pickup, an optical disk, a tracking control system, etc., and other optical disks. And this servo 
multiplier K is called for by [ above ] calculating by the microcomputer, an operation processor, etc. 
using the function for which it asked beforehand. In addition, the above-mentioned function can 
measure beforehand the optimal multiplier value over the amplitude value of the standardized push 
pull signal NPP, or can acquire it by the simulation of optical system etc. 

[0115] Next, the multiplication of the value K of the computed servo multiplier is carried out to a 
CSL signal by step S4. This CSL signal is a signal according to the movement magnitude of the 
objective lens of optical pickup, or the movement magnitude of the optical spot on an optical disk, as 
mentioned above. Moreover, this multiplication is performed by controlling from a microcomputer 
etc. the amplifier gain which is equivalent to the value of through and a servo multiplier in a CSL 
signal at operation amplifier. 

[0116] And the CSL (K it doubled) signal with which the multiplication of the value K of a servo 
multiplier was carried out is subtracted from the push pull signal PP at step S5, and the push pull 
signal NPP with which it was standardized for acquiring the optimal tracking error signal TE is 
generated. The polarity of the above-mentioned CSL signal K Doubled is the same as the polarity of 
offset of the push pull signal PP at the time of objective lens migration, and it is made to have offset 
of the push pull signal PP at the time of objective lens migration canceled here. 
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[0117] The processing which sets up the multiplier of a tracking servo with the above procedure 
using the amplitude level of the push pull signal NPP standardized with the total return quantity of 
light from an optical disk is ended. 

[01 18] Next, the fundamental procedure which controls the servo multiplier Kw using the amplitude 
of a wobble truck signal is explained by the tracking control approach concerning this invention. 
[0119] Drawing 14 is a flow chart which shows the fundamental procedure which controls the servo 
multiplier Kw using the wobble truck signal TW by the tracking control approach concerning this 
invention. 

[0120] First, a focus servo is turned on and it is made for the light beam irradiated by the optical disk 
to focus on the signal side of an optical disk at step S 1 1 . At this time, a tracking servo is not turned 
on and the optical spot by which focus control is carried out on the optical disk does not follow a 
truck yet. 

[0121] Next, a tracking servo is turned on and the optical spot by which focus control is carried out 
on the optical disk is controlled by step S12 to follow a truck. At this time, a tracking servo is 
applied using the push pull signal PP, the WPP signal which set up the value of a temporary servo 
multiplier, or a TPP signal. 

[0122] Next, the amplitude of the wobble truck signal WT is detected at step S13 by the push pull 
signal operation in the condition that tracking control was earned out. Here, the approach of making 
it binary, after carrying out A/D conversion of the level hold signal using level hold circuits, such as 
a top hold circuit and a bottom hold circuit, as mentioned above, and the approach of detecting from 
the signal value made binary after carrying out A/D conversion of the standardized push pull signal 
NPP are used. 

[0123] Next, the servo multiplier Kw which can acquire the optimal tracking signal TE from the 
amplitude value of the detected wobble truck signal TW at step S14 is computed. Here, the optimal 
tracking signal TE is a tracking error signal with which a truck gap becomes the smallest to the 
environment considered as recording / reproducing a signal at the difference between optical pickup, 
an optical disk, a tracking control system, etc., and other optical disks. And this servo multiplier Kw 
is called for by calculating by the microcomputer, an operation processor, etc. using the function for 
which it asked beforehand. In addition, the above-mentioned function can measure beforehand the 
optimal multiplier value over the amplitude value of the wobble truck signal TW, or can acquire it by 
the simulation of optical system etc. 

[0124] Next, the multiplication of the value Kw of the computed servo multiplier is carried out to a 
CSL signal at step S I 5. This CSL signal is a signal according to the movement magnitude of the 
objective lens of optical pickup, or the movement magnitude of the optical spot on an optical disk, as 
mentioned above. Moreover, this multiplication is performed by controlling from a microcomputer 
etc. the amplifier gain which is equivalent to the value of through and a servo multiplier in a CSL 
signal at operation amplifier. 

[0125] And the CSL (it doubled Kw) signal with which the multiplication of the value Kw of a servo 
multiplier was carried out is subtracted from the push pull signal PP at step SI 6, and the push pull 
signal WPP for acquiring the optimal tracking error signal TE is generated. The polarity of the CSL 
signal which is the above and which was doubled Kw is the same as the polarity of offset of the push 
pull signal at the time of objective lens migration, and it is made to have offset of the push pull 
signal at the time of objective lens migration canceled here. 

[0126] With the above procedure, the processing which sets up the multiplier of a tracking servo 
using the amplitude level of a wobble truck signal is ended. 

[0127] In addition, although the gestalt of operation of this invention explained above explained 
supposing the case where tracking control is performed to drawing 16 in the optical system of 
instantiation using a photodetector 225, the same effectiveness can also be acquired, for example like 
the photodetector 213,215 of drawing 16 by using a light-receiving means by which the 
photodetector has been arranged so that 1 -time diffracted-light distribution of the optical spot 
reflected with the optical disk may be divided into two. In addition, the angle of the division 
direction of the light-receiving side of these photodetectors and the truck on an optical disk to make 
does not necessarily need to be parallel, and fully operates from parallel to the include angle of about 
45 degrees. 
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[0128] 

[Effect of the Invention] According to this invention, the value of the servo multiplier by which the 
cancellation signal for canceling the offset component of a push pull signal can be multiplied as a 
correction factor Since it was made to set up accommodative according to the amplitude of the 
standardized push pull signal NPP, or the amplitude of a wobble truck signal, The precision and 
dependability of the servo to property dispersion for every optical disk in the 1 beam method can be 
raised, and the tracking control unit and the tracking control approach of moreover simplifying a 
setup of the multiplier of a tracking servo can be offered. 
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1 CLAIMS 



[Claim(s)] 

[Claim 1] By deducting the cancellation signal with which the multiplication of the correction factor 
was carried out from the push pull signal acquired from the return light of the light beam irradiated 
by the optical disk In the tracking control unit which cancels offset of the tracking error signal 
produced according to migration of an objective lens or migration of the exposure location of the 
light beam on an optical disk A movement magnitude signal detection means to detect the movement 
magnitude signal produced according to the movement magnitude of an objective lens, or the 
movement magnitude of the exposure location of the light beam on the above-mentioned optical 
disk, A correction factor setting means to set up the correction factor by which multiplication is 
carried out to the above-mentioned movement magnitude signal according to the amplitude of the 
above-mentioned push pull signal, A cancellation signal generation means to carry out the 
multiplication of the above-mentioned correction factor by which a setup is carried out to the above- 
mentioned offset component, and to generate a cancellation signal, The tracking control unit 
characterized by having a tracking error signal generation means to deduct the above-mentioned 
cancellation signal from the above-mentioned push pull signal, and to generate a tracking error 
signal. 

[Claim 2] It is the tracking control unit according to claim 1 which is further equipped with a push 
pull signal standardization means to do the division of the above-mentioned push pull signal, and to 
standardize it by the total signal according to the total amount of incident light to the photodetector 
which detects the above-mentioned return light, and is characterized by the above-mentioned 
correction factor setting means setting up the above-mentioned correction factor according to the 
amplitude of the push pull signal by which standardization was carried out [ above-mentioned J. 
[Claim 3] The above-mentioned correction factor setting means is a tracking control unit according 
to claim 2 characterized by setting up the above-mentioned correction factor as a function value 
which makes a variable the amplitude of the push pull signal by which standardization was carried 
out [ above-mentioned ]. 

[Claim 4] The above-mentioned push pull signal standardization means is the tracking control unit 
according to claim 2 carry out obtaining the push pull signal by which standardization was carried 
out [ above-mentioned ] as the description by doing the division of the push pull signal which detects 
with the photodetector which has the light-receiving side divided or more into two to the above- 
mentioned truck direction in change of the return quantity of light produced in case the above- 
mentioned light beam by which an exposure is carried out crosses the truck on an optical disk, and 
acquires by the total signal from the photodetector. 

[Claim 5] The acquired push pull signal in which the above-mentioned push pull signal 
standardization means carries out differential detection with the photodetector which has the light- 
receiving side divided or more into two to the above-mentioned truck direction in change of the 
return quantity of light produced in case the above-mentioned light beam by which an exposure is 
carried out crosses the truck on an optical disk The tracking control unit according to claim 2 
characterized by acquiring the push pull signal by which standardization was carried out [ above- 
mentioned ] by doing a division and standardizing by the total signal of the return light from the 
mirror side of the above-mentioned optical disk beforehand held from the detector. 
[Claim 6] The above-mentioned correction factor setting means is a tracking control unit according 
to claim 1 characterized by having a signal amplitude detection means to detect the amplitude by 
top-holding and bottom holding the above-mentioned push pull signal. 

[Claim 7] The above-mentioned correction factor setting means is a tracking control unit according 
to claim 1 characterized by detecting the amplitude of the above-mentioned push pull signal from the 
average value of the peak value of the signal after carrying out analog-to-digital conversion of the 
above-mentioned push pull signal, and the average value of a bottom value. 

[Claim 8] By deducting the cancellation signal with which the multiplication of the correction factor 
was carried out from the push pull signal acquired from the return light of the light beam irradiated 
by the optical disk In the tracking control unit which cancels offset of the tracking error signal 
produced according to migration of an objective lens or migration of the exposure location of the 
light beam on an optical disk A movement magnitude signal detection means to detect the movement 
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magnitude signal produced according to the movement magnitude of an objective lens, or the 
movement magnitude of the exposure location of the light beam on the above-mentioned optical 
disk, A correction factor setting means to set up the correction factor by which multiplication is 
carried out to the above-mentioned offset component according to the amplitude of a truck wobble 
signal, A cancellation signal generation means to carry out the multiplication of the above-mentioned 
correction factor by which a setup is carried out to the above-mentioned movement magnitude 
signal, and to generate a cancellation signal, The tracking control unit characterized by having a 
tracking error signal generation means to deduct the above-mentioned cancellation signal from the 
above-mentioned push pull signal, and to generate a tracking error signal. 

[Claim 9] The above-mentioned correction factor setting means is a tracking control unit according 
to claim 8 characterized by setting up the above-mentioned correction factor as a function value 
which makes a variable the amplitude of the above-mentioned truck wobble signal. 
[Claim 10] The above-mentioned truck wobble signal is a tracking control unit according to claim 8 
which focal control is carried out and is characterized by being detected in the condition that tracking 
control is carried out so that the above-mentioned light beam by which an exposure is carried out 
may focus on an optical disk. 

[Claim 1 1] The above-mentioned correction factor setting means is a tracking control unit according 
to claim 8 characterized by having a signal amplitude detection means to detect the amplitude by 
top-holding and bottom holding the above-mentioned truck wobble signal. 

[Claim 12] The above-mentioned correction factor setting means is a tracking control unit according 
to claim 8 characterized by detecting the amplitude of the above-mentioned truck wobble signal from 
the average value of the peak value of the signal after carrying out analog-to-digital conversion of 
the above-mentioned truck wobble signal, and the average value of a bottom value. 
[Claim 13] By deducting the cancellation signal with which the multiplication of the correction 
factor was carried out from the push pull signal acquired from the return light of the light beam 
irradiated by the optical disk In the tracking control approach which cancels offset of the tracking 
error signal produced according to migration of an objective lens or migration of the exposure 
location of the light beam on an optical disk The movement magnitude signal detection process of 
detecting the movement magnitude signal produced according to the movement magnitude of an 
objective lens, or the movement magnitude of the exposure location of the light beam on the above- 
mentioned optical disk, The correction factor setting process of setting up the correction factor by 
which multiplication is carried out to the above-mentioned offset component according to the 
amplitude of the above-mentioned push pull signal, The cancellation signal generation process which 
carries out the multiplication of the above-mentioned correction factor by which a setup is carried 
out to the above-mentioned offset component, and generates a cancellation signal, The tracking 
control approach characterized by having the tracking error signal generation process which deducts 
the above-mentioned cancellation signal from the push pull signal by which standardization was 
carried out [ above-mentioned ], and generates a tracking error signal. 

[Claim 14] The tracking control approach according to claim 13 characterized by setting up the 
above-mentioned correction factor according to the amplitude of the push pull signal by which has 
further the push pull signal standardization process which does the division of the above-mentioned 
push pull signal, and standardizes it by the total signal according to the total amount of incident light 
to the photodetector which detects the above-mentioned return light, and standardization was carried 
out [ above-mentioned ] at the above-mentioned correction factor setting process. 
[Claim 1 5] The above-mentioned correction factor is the tracking control approach according to 
claim 13 characterized by being set up as a function value which makes a variable the amplitude of 
the push pull signal by which standardization was carried out [ above-mentioned ]. 
[Claim 16] By deducting the cancellation signal with which the multiplication of the correction 
factor was carried out from the push pull signal acquired from the return light of the light beam 
irradiated by the optical disk In the tracking control approach which cancels offset of the tracking 
error signal produced according to migration of an objective lens or migration of the exposure 
location of the light beam on an optical disk The movement magnitude signal detection process of 
detecting the movement magnitude signal produced according to the movement magnitude of an 
objective lens, or the movement magnitude of the exposure location of the light beam on the above- 
mentioned optical disk, The correction factor setting process of setting up the correction factor by 
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which multiplication is carried out to the above-mentioned movement magnitude signal according to 
the amplitude of a truck wobble signal, The cancellation signal generation process which carries out 
the multiplication of the above-mentioned correction factor by which a setup is carried out to the 
above-mentioned offset component, and generates a cancellation signal, The tracking control 
approach characterized by having the tracking error signal generation process which deducts the 
above-mentioned cancellation signal from the above-mentioned push pull signal, and generates a 
tracking error signal. 

[Claim 1 7] The above-mentioned correction factor is the tracking control approach according to 
claim 16 characterized by being set up as a function value which makes a variable the amplitude of 
the above-mentioned truck wobble signal. 
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(54) h7y + >y«f!8MJ:ffh5y*>y«»P** 



(57) [gift] 

(E-F) ^cfctfft (E + F) £^HX>:/ 1 3 &£Zf 

>r/a^HfNPP= (E-F) / (E + F) 

-5. mollis [hJK 3 0 T&fciJL, A/D 

n p p ms%<Dm$&izfoctz h 5 v*>w-#&& 

|[7>^70 T4^$n^^^l/>X0MIlt§C S 

aair^n*. cniccto, p Pft# tf>*:7-tr ? vtfi** 




( 2 

1 

Xo^i^fciift^w **±-c©*e-A©JM*ttB© 

±E»»B«*fc*W****3E«**±E:/y >^-^ 
;i,(I#<D««K:ei;x8S^r*MlE«Ri9^^Ra:, 

[It** 2] ±H2M 9 7fe£&ffi*r<5ft&aj§§^tf)£A 20 

LT&»flsT*:/y ^3.^Hl^«*fl:*»** 6 tee 
A. ±E«jE«»8ft«^&tt±e«*<t3nfc:/y->:i 

*£&£-r£af ** l BE&<£ h y y ^>^Jfl?gBp 
±I2^iE^^^^^-r^> C £ If ** 2 IB® 

CM $n*7tt*-A^7l£-rW X;7±cDby-;/^ 

«fp«*tf*»r* wtc«k o±E«*fl:3nfc:/y ~> 

y *>^fflffllBfi. 

gagaitStiSJthf-A^^^-f ^^±® h 9 y * £8t$r 
-r^^tw^C-SM r>ytm<0&<t&±& h y y ^^IrIIC^ 40 

L T 2 a± ic $ nfcSft® £ #T s UH »c «fc o 

<0^** — H$tX^:±i2^xw r X*0>£y-ffirt»5<D 

-5 C i^^fm^-r^ii*^ 1 EH© h y y *>^IH*I* 50 
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2 

go 

CO hy y*>^iH»«B. 
[If** 8] ft^WX* KUBttSftSXh? — AOMO 

xcD&m&tzizytT* x^ JixoftE-Aoj&tt&Bo 

* >-fc;U-f £ h 7 y ^V^fHSP&BlCSS^T, 
*f 4fc U > X O & Hi B * 1^ -t ga 3t x -f X ^ _h T 1 CD 3fe tf - 

lith7!y*>^l7-§fS^t5 hy y*>yi 
[B**9] _fcE*ijE«»K:*^»tt. ±Eh7-;^ 

[»#*10] lEh7-yi")*^ittt, ±EI 

— l&XffilffllStl, h y y *>y«H*StlT^*« 

BT«HJ3n* 8 IB*£tO hy y 

[B**lll ±i2MiE^^^^^©:t4, ±Ehyy 
^{fA^-<h^^SStr^>ii**8IE^O h y y * > £f 

* ^ ^ ^ >«^S7 1- v >f y T v $ fr&misZi&omn 

**8HS^(^) h7y*>y«»81. 

>X<0»ft*fctt5tx-r X ^±"C©*lf— A©fia»ttB 
CD^SfttC^UT^i;^ h7'^>^l7-i^©t7t 

yh^-fV-fe^-fShyy * > teis 1>T> 



( 3 ) 

3 

^ , y ^ > y X 5 - ft -5f £i£XH <h 2: Wt* -5 3 £ £ & Wl £ 

tt5»*« 1 3 &WL<Db? 
y ;/a^Hifa)ItB€:«*i:t5HSiii: lt^$ 20 

>X©^i*fcMf-< x^±T<Dfttf--A©J?att&ll 

7-I^i^cIg<!:^tt§Ci^^®(!:t§ h ^ y * 
[ 0 0 0 1 ] 

2t\Z>yt\d-A<D by y*>tffflffllzWL* ^IC 1 f- 
AmiZ&^xyy i, =l7 frfc&m^T t\Z> byy 
*>tfj:7-mmztkCZ>*y±yb&3rv >-£)W?Z> 

b y y*>?f&mmm&&zt b y y*>#MWJ5t£izm so 
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[ 0 0 0 2] 

[ft&O&flt] ?Lt4 *f iZZZmtStltzm^ 

ffi^^M (17-) m^£aj:*7Ts3fc^t:^ &7y-f* 
[0003] ytT* xzmwcoxvybfrizmmznT 

^ ^ ^ > ^ ^ i; ^> M ^ ^ <?: {c <fc ^ ^ ^ f6l CD S 
4CT^5. Z<Dtztb. Tt^fcf ypTy^tti* \°immw) 

\zftoytT4 7s2<Dmn\z&mvT. 

&n\zm^m<D b yy ^J:tcj& #*<*n*j; z> \zuw*n 

[0 0 0 4 ] n >/S^ X* (CD) te, 

T^t'-ACD^Tt^^ h ^ ^ ^*>6± 0 . 1 //mgg© 
^Hlcfc*«k r> \z b y y * >^^Ji$ntt^. 

[ 0 0 0 5] COcfc^ft:^ fcf — ACDJBat&eof&JISPte. 

7 7*>^X7-Il^7*-*^I7-Mtt* 0 , 

[0006] ±i£<o h 7 * tfjLy-mn&mzrztb 

[ 0 0 0 7 ] 3tf-A^ii, x# Jcsatt£n*?t 

T, £t:-A (0#tt) £ 2 OC£giJfc:-A (± l 
^63feS 3#<Dftt*-A£:%£;*-e\ 2^>tf>@Jfc:-A£ 

h7u/^>^x^~co^mtcffl^^*^"Ca^^o :^ 
fe-ctd:. &\z-2*&»a+*fr&<D&ytmT<ofsnmtz* 

3tf^x^©K7 7^iciw$ns±e-Aoi« 

-&<dm oytv>&4tfr*> b^yir>ifx^ — mf%&'& 

[0008] :nc^it. 1 tf-A&te, 7tx>f^ 

IC 1 tT-A£»at*LT, ^CD^O^^ ^ h 5 «y + > 
yi7-i^$H^^^5, C<D 1 fcf— A*££flH> 
^Tfc^&tMi. 3 t'-A^^ffi l^«^{C^>^<h 

[0 0 0 9 ] gll5lt 1 e— A&KcfcO h^^^>y 



( 

5 

i7-§^^iSJ;^ tsnfzft^ MyZ7y 7<Dft¥ 

[00101M217 ±fc*rt**lfcS«**^2 1 
0<D&ytm?®-T?&Z> U — "tfy-f K 2 1 1 fr*><Djfc 
I*. :/UXA2 1 2 <^^®2 1 2 aTEIt^tt, tf-A 
X^ijy^ 2 2 2 i3cfc^^^l^>X2 2 3-C«3tSftt 
ftx^ A* 2 0 0 IcSSt****. C©*Jt**lfc*X* 
7 h 2 2 4 li, ft^W X ^ 2 0 0 Oi^I 2 0 0 a lC{£ 

tOO 1 1] 3tr-r^^ 2 0 0*^©R03ttt, Pitf** 
^5l/>X2 2 3^IO, tf-A7^'J7^ 2 2 2 T, )t 
fcaj§§2 2 5 2 HO^UX 

a 2 i 2i:fld>5*Bic»«$n*. 
[ooi2] a»#*^2 i ooafta^ffli*. -en-? 
n4#«3nfc£3tffi * ^^3t^m^2 nt2 ist 

F E = { <a + d) - (b + c) } - 

±fSCD7£&ibS§2 1 3 . 2 1 5, ££tf7fc&m3§2 2 5 

[0 0 1 5] ?£&th®2 2 5i^h7-^>^ 

( I + J ) SMXiWSO* 
^tJbft^ (k+1) iOitfe^ <<i + j)-<k+D) 

£LTT&> d<D#ttffi» 2 2 5^eN77^>^X7- 

[00 16] H 1 6 tt. 0 1 5 iC^^L/fc, lb: — 

y ^©*«U1»2 13, 2 1 5*5 

£#2 2 5 tf>a7£®<DJ8fifc£^LT^£„ 

[0017] c:ne><B#3tt«ffi«©£ftffitt. — 30 

T^X^ 2 0 0(Dh7 -/^^^(c^LT2^±JC^tiJ^ 
0iJx.tf* ?fc&fciiS§ 2 2 5 TIS, ^CD^Tt®^, — 
1 i^ntl^. 

[0018] fit, ylr>tffflWlzm^*>ft2>E 

s*i*Fm^n, c<o4^fd^nfc^7t®o*^jo2^ 40 

TE = {(i + j)-(k+D) - K X 

[ 0 0 2 3] 

L^L, Vy?7y7<Dft& 

[ 0 0 2 4 ] Z(Dtz&* llf-/»S&ffl^*3t*Ky^ 
l4cOfS]±^SIH-r <t ^ 3 WH* 1 *^ 50 
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6 

£WLT#S*&£*1T£D* ^'JXA2l2©^ffi212 
ari>6Al*L/iBi0#te, Tfctfc fflg 2 1 3 fc A Stf S £ 
<ht>IC, $6l:Slt$tltygXA2 12(D±I2 1 2 

bti^2 i 4 7fc*£m§§2 1 sk^a^t*. 

100 13) cog&ytm^P 2 1 0 (D 

£t£3§^SBK:<£ 0 7^-^JXX7-I^FE f> 

^T© (1) ^O^HUCcfc D ft fill,. (1) 

jUC&^T. «^a-ft#d li3tttttiS2 1 3(04^15 
10 £nfc^7£®<0&g7fc^*£ a — d a>*>a>7^fcti{i#1?& 

0, mmizm^e^m^e «3t«as»2 1 5 cd4#§i]£ 

[0014] 
{(e + h)-(f + g)} (1) 

«E>Qff^£Ofa (k+1) <bbT^6n*o ilSm, C 
(DEi^tFf^^Oii^^ (E-F) ^'r/a 

20 zfjim^p P(hbth77^> ^fflwtcffl d &n«. 

[0019) Jii£L;fccfc5fc7fc^^£ffll>T 
>X2 2 3 0^5^it5(i:, S3fcffi##»J3*lfc3fc« 

1 6 *<D&m-e^-?& o iC7t^mi§o^7t@ Ji-c^a* 

y MDA*H&«a*»»LT, h 5y*>^15- fi^T 
E JC^-^ir y h^4lt U 3; CCDtztb, b 7 y Z 

[0 0 2 0 ] tut, *f#> U >X2 2 3 (D&W)m$Lfzte 
ft9<< 2 0 0±CD7tX#y h 2 2 4(D^i^M«C^i; 

[ 0 0 2 1 ] 0»J;Ltf, ilSW^illilf ^CSLtl, 

KttSt, 7fe^itJt§2 2 5 T«, £(T© (2) 5UC<i; 
[0 0 2 2] 

C S L ( 2 ) 

[ 0 0 2 5] * 58 Eli. d CD<i: ^r«1j^€:^^-r^rc66 

h 7 y ir>?MW3i&*$<kZt b ? y*>tffflWJjHi&m 
[ 0 0 2 6 ) 



( 5 ) 

7 

X £ \z Slit* $ tl* t£ t: — A COM 0 ftfr S % €> tl Z> 7 y is 
77^>^^SSCi5^T, *f^U>XcOg®jSi;*: 

[0 0 2 7 ] jbBoRfflfctffc-rfc&afciii*?" 
a>*>, «HE«fi»7&«ieiicsnfc + ^ >-fe;um-%^»ix3i< 20 

4 ±x<ox\i-&<Dmm&m<D&mmiz&cx*kC 
7 -try hJ&#lc3l^£n<5*$IE&&£ h77^^*^ 

^ y + >yi7-I^§4W5 *>^X7-« 
[ 0 0 2 8] ±E<DRB£#*-r*fcafc:if 

sn-sft tr-AcoR vytfr zmznzx y zs^zf)vmn 

t*jE«jR^*l)CSn>t^^>-fe;U«^*j6b5l< 
C£lcJ;0, ttttU>X©»ftSfcte7fcx-< X*±T© 

x^-m^o^-^-fey v >-fe;u-r* h77 40 

y + >^X7-fl^lSlSi:&^tSC t^^iatt 50 
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5fcC0 

[0 0 2 9 ] ±E©»jB^*»-r*>t«>icfi*-r 
s*f£93co h z> y^-ytrmm^m** *?izmm 
^n^Tttf— aobo**> ^^^^1^7*7 > ^- z/)im^ 

n £ <t o , K®}U>X(D&mi£rz\zytT * *#±.x<o 
yt\z-&<of&$$&M<o»W)izfovx±cz h ^ y 

JLy-m^(D^-y±:y h £ * >-fe;H"* h ^ y*># 
Mff3rttC43fr*T. ttttU >X<D#»S**:ra:±e?fc7 ? 
X ^7 ± T CO ft fc' - A co fig S* <i B CO & » g fc: j£ C T £ C 

£#®!j;i{i^£&ffl^£#s&sm#&ajxe<h, ±c» 

<Dfi«K*i;TB£T*«IE«»H:£Xg£, -LIS*? 

-fey na»K:±c»ft*n**|jE«**«llt ut*^> 
>-fe;w«^£rtxfi<fc. ±e:/ 

^ u/^r >^X^-m^^^J^-r^> hyy*r> tfX.y-m 

[0 0 3 0 ] ^±00*^8^ iCcfctltf, 7tx>< X^co^ft 
H^^dttlT^ h7 y * >^17— ^co{i^14^r^±$ 
t5d«h^Tt5 h7y + >yiMffl81i5ckt;h7 74 i 

[0 0 3 1 ] 

[^B^coHJgco^^] I^Ttc. Mioh^-^V^IW 
^^Bi3J:c^N^u/ + >^mD^^^co« : ^ U l^Jgco^ 

[0032] s 1 i^, &5£fm(DmM<o- : mmi-?$>z> h y 
y*>#mwmm<D&m&<&m&m&7KTzru y ?®-? 

[0 0 3 3 ] dCO h7 y * >^©JPSBI*. ytTJTs? 

<om 0 ytfr z x y ~> zf)umnz& 0 m it h 5 y 

[0034] Xt)i%Tl 1 2\Zte. ztt^Kyt 

7y ^^^>C0Em^i5J;c7Fm^-^A77$n^) o 

t, m&T>?i 3t:nf>(oiit§ (e - f) ^^rit 
mnr>7\ 4tcne>osiiif (e + f) ^± 

[ 0 0 3 5 ] fit, RfcirtHlgS 2 0 \t. m^r (E-F) 
^(i^ (E + F) T'^^b-C. HecO^mcO^^ (E - 

f) / (e + f) *m^M^tk&®&* o\zmz>. 

[ 0 0 3 6 ] ::t, ±IScr)fi^ (E- F) te. T^f^ 

m^T^o. dn^?am^ (e + f) 

(E- F)/(E + F)l;i, I^{b$nfc^7'>ay;KI§ 

n p p icffi^-r*, 

[ 0 0 3 7 ] M-^^^^m [hIK 3 Oli, 8£^[h]S&2 0^ 
eo.llttfkSnfc^y ya^^flf NP P CO$g<Ji£&m 
*r^>. ^^5, dCO^^CO^^^/ilEj^^JC^l^T^^^ 



( 6 ) 

9 

(£4ett) A/D&&0B4 0 -VtzS? )immzg: 
&2tix* 5 0 iCiietl*. 

[0 0 3 8] ^^:#£blElK5 0\$* mteittttirz-Jyis 

zL^)im^N p p (DisaicjsuT y *>y-t*--#& 

lT5fll£7>:/8 0 (y-f>) 

[0 0 3 9) it* i£L :/y is ^7 Mm 

PP&ffl^4h7y*>^«»Ttt, %^Kv>77 vrf 10 

[0040] z cote * tttou^sXcD&mm&rzteytT 
«> o <i *t caT-ci*. iruc** >-fc;nt^£v>-3. ) 

[ 0 0 4 1 ] h^y^ — ;U Kisl^ 6 5, 6 6:fcJ;£X&gL 20 

[ 0 0 4 2 ] A^^^l 1 rt>&A*S*l* Em^^tr- 
^7 h y — )V HESS 6 5T^-;i^K^tl^o 

I^EUC* A^ag^l 2 A 7J Ffi^O fcf-* V 

Dltfi b v Zf*-)l> FtslSS 6 6 -V*-)l K f L 

IO§lIi^CSLIi, 3£5V 7>?±X<D b 7 v 
ZtytXXv htOfni^OfeO^tfeOTtt* 30 

[ 0 0 4 3] fit, fI7>^80T, cco^ibsm 
^CSLIC, ft$c<IJFm[sl% 5 0 TSSffi 

[ 0 0 4 4 ] M#7>y7 ltlt ±BSCT)E(i^ 

tilt (E-F) 
[ 0 0 4 5 ] fit, ^|C7>y90t, ±IBco:7> 

ft S LI^^^$ tl, l^^Sh'^^-Jl'Hy 40 
yi/zL7)l (TPP) UTdi^^n^. 
[ 0 0 4 6 ] m2\t. :Why^-iH«^y'>a^ 
^^TPPC^^Ti^WC^lt^S, ± 
H20EfI*§*3 <fctfFfI^te* e-^ U^**-**:*- 

^hf^^ (cd) &m\z~jVifim 

[ 0 0 4 7 ] 12 3 1*. y> >OHI*tN 

p p <Dmm&&&?zfr&<Dmnmm&&\E}& 3 00- so 
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[0048] c(D{mmfe&Lihm&\z\t. yt^^yzr 

y^eoyy*>a^H#P P = (<i + j) - (k+I)} 

<h> m&mn a + j + k+n <h^A*$n^>„ mj^u^ 

cfc^tC. CO^yya^ff PPIiif (E-F) fC 

ffi^b. *gfam#i*«*t (e + f) ic«is-r*. 

[ 0 0 4 9 ] ^glsISS 20T«, U&T>Zf 1 3 7&>6tf> 
[<i + j)-(k+I)> SD^7>y 1 4 ^ ^(Dm^r 

(i + j + k+i) "T»jit£*u -ecoig^^^^Yb^nfcy 

y *>a^§fN P P = { (i + j)-(k+l)} / <i + j + 

& 3 3 <b*Ci££tl3. 
[0 0 5 0 ] flT, h7^*-J^0K3 2T$-;i/ 
h^n^h'yyit, #h Zfc* — JH*EII& 3 3 

c i/^;i/^mtsigs 3 5 test en^>c 

[ 0 0 5 1 ] DCU^;i/^£±ilHlSS3 5T«, ^LW-T>7 
34^e>cD, NPPf ^© h7^*-^Hfil(i:^hA* 

fl^fN P P (DMmiZfe Clt D C U^JUri^m ft 
^CDD C U^JI/ttffllElSStt. T±uy/-5r ^^^^ 

[0052] ±iHcDcfc o um^mm^tti^i^ 3 0 

COteiC, iM$nfc^7 5>a^H^N P P ^ 7tP 

l©i ^ tfM-r ^> <fc -5 ic b -c t> ck 

[ 0 0 5 3 ] ^4 11 13 3 OT^l^|g$S^ai[HjgStC*5ttS 
h v Zf^.— Jl H©^ 3 2i3. e t:r/4> hA*-JP K.Ih1?S 3 3 

[0 0 5 4] 134 (a) \Z. b v — H &\ 
^r^UT^^o ifeib^nfey^y^^JKt^NPP 

:otf, ^iciliNPPif PP^i^: (tT — ^) 

[ 0 0 5 5] :(0§IClcOi^^(Diff$:, ^^T>^ 
4 5^A^-r-5>C^JCJ;0. ^^-3 8^^A77^tl^>N 

p p(t^os^:^^(cjci;fcai^^a^3 9 ^^#^n 

[0 0 5 6] ::t, ^IC l^b£fc^<^-HD 1 

*tt«fti. «IC 1 tt5ll«Cft«$nT^S8RR 2 * 
^ITfeftS. C<Dfztb. ^trCRl, iScfc^ICl 
t&tftR 2 O^C 1 • R2i:LT4A^n§^^^lt 
A^^n^NPPflf^^i^^icMlTig^lc^Si^ 

[ 0 0 5 7 ] 04 (b) I*, hA^-;U KIhI?S(^-^ 
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<D&f&£fs]8T£<2>7^ ^-f HD 2 cDf*]#£* h y 7 
[0 0 5 81 t&b^* NPPif35«A*$n*af 3 
D 2 ^^lt§IC 2 *«»*$*1T^D» S§^38tCA 

43cktf&inR 3 U*r^m-r^- ftoT, ^IC 2 (D 

^if ppoi/M^f^^^ai^^f 4 ia>e>ite> 
[0059] fcis. _tSB<B[sl8S© h y ;u K#£*5 

\Z y & T y h tl 2> 7 y v ^ -?)\,m^$> 2> ^ \t b 7 

y o 7)im^<DM<m : £&iih-?z><D\zmmu<k o \zm 

[ 0 0 6 0] #IC, m.ftilZniz7yi'a.7)Vm j %l* 1 P 20 

[0061] ssia, ^^Yt^n^y^ z/zLzfjvmmi 

P P (D^^£>&ftT£^#cam^M^&a±[Em 3 0 (DWl 

[ 0 0 6 2 ] dOSSS^te, 2 0 TM^^b^tl 

3 6 tcj: 0®£-f£- ^LT, h iy Z?ft-)l FEIK 3 3 
Thy^*-;PF5*lfctt*. &W7>73 7 2 f§T 
SC^tC^O, DC U"<^«tfllHl?S3 5T««fit*» 30 
S. 

[ 0 0 6 3] CO^^fC, h y 7 ft — )l FIsI^<h# h A 

*—^FiHiJ8<h£jB^ by 7 ft— )v Fil 2 

fgLTNP PM^£>ig4I£;fc£>Tfc <fc^ e 
[ 0 0 6 4] 0 6lt &±K»BLfc{t4ffi«ttttJ[sI»K: 

fflt^n^D CI$£[eJ& 3 6 CDJ8j£#J£7kLT^£o 
[ 0 0 6 5] y y i/3L^;K3#N P Pte, 

ISf42/i^A^$tl, ^IC 3 "C^E-CDiEDfi^^fSih^ 
tit, JgtfiR 5 £?>LT, -£<D — 3§<£>mflE7^ 

^7>^4 7 JCA:ft£*l£. £*UC<fcD, itflft##&&£ 40 

yjuti^N p p#, *g^4 3 a^ta^n*. 

[ 0 0 6 6] &43, £<&D C j£5*l&£[smtfmtett, & 
^;U{f*t&*iMi byy 9 O * 7)V\m<DMm 

[ 0 0 6 7 ] &tz* M^Lmmmy^ )v**m 

=l zf)vmnp p ^fcti^^-r^ b?y zo*7)imm& 
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[0 0 6 8] #IC, *f£9icD h ^ **>^£eM<D#Jcd|| 
[ 0 0 6 9 ] 0712, *%^OHll(D-^I<!:lTOh 

[0070] z.<ob? y* >tfffl®mm\*. ytrjx? 
iz&frftizmf&znizmtom&mtzytT* ^^^e><o 

[ 0 0 7 1 ] AJjift? 1 1 143ii;i 1 2lC(i, ft^t: 
y 27 y7fr*><D. EM^:fc<fctfFm^a<A*,£n*. 

^Lt, M^T>yi 1 3 "C^Cin^CD^m^ (E- 
F) j[J0^T>^ r l 1 4VteCtl <h(Dftm^ 

(E + F) &±&t<tl2>. 

[ 0 0 7 2 ] fit, &&&& 120li, ft-^ (E - 
F) <E + F) TilClT, ^(O^^Ol^tS 

S&teffcSnfc:/* S^^l-ft^ (E-F) / (E + 

F) £wmM$E&ft\E\& 13 0 \zmz>. fcis. 
? y is )vmmzi&^? 2> . 

[ 0 0 7 3 ] (t#£4§ttm[sl& 1 3 0 fct, IsIB 1 2 

cornet *s*i&ai 08 130 ten, Mafibfcre^fiisiHi 

Ct«t5. dom^tl'H^dilsI^ 1 3 0 7&>SG>fg4g 

fin, A/D^&temi 4 o -r^v^;i/ff tc^^^n 
t, ^^^tmisigs i 5 o lessen*. 

[ 0 0 7 4 ] ^&HmiH]*& 1 5 OH, h^y ^>^"9— 

[ 0 0 7 5 ] — ^, mf^b/Sict P fc. 1 tf— A^tCiStt 

>X 1 2 3 O^lftfi^fctt*^^ 2 0 0 ±O^X# 
y h 2 2 4 (O^ibaiCf&b^i^ffilSm^^ffi l^T> -f y 

[00 76] /OH/U7>r;^163i5J:^l 64, 
h •> y^-^W K®K 1 6 5 *3cfctf 1 6 6, Ml7>yi 
7 0«, d^^ilif ^^^tSgg^T^S. 

[0077] A77^^16 1^6A*$n§ a^t#n, 

i 6 5 frit en, hr-^ h ^ n^>. f^^i 

fC, AJlffif- 1 6 2^6A^$nSdll^^, A> H/^ 
64eUh7 HHIgS 1 6 6IC 

inen, tr~^ ;u F$n§. fit, h 
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y -/fr — fr 1 6 5i3«tt;i 6 6^^©h7 — 

7fc& Jii SI copSgco^ a *5<fctf^3£^d rt> 6 CO 

h77^^^^H^*^^^ tEx-Y 7 2 <DV* y>V b 

lfc{t*fT&*. 

[0 0 7 8] JifacOA> F/U7>fJ^l 6 3, 

1 6 4 coiI3&?!?^(0 4 3 4>/^&&te* ft?-* *#co b?y 

2 CO£ * >tf(Dffl 2 2 kHzl:$tlT 

[ 0 0 7 9 ] tit, igr>ynoT, hy^- 

b y — KlsISS 1 6 6&*><D hy^*-Jl/H$nfc 

di^t^, «#$nr^iiiifcsLMfiJc$n 
fcofcco^-ffcco-eiaft^. 

[ 0 0 8 0 ] fit, 5*-(>fflffl7>7 1 8 OT?. CO) 

f*«iSfe#c s l ic, &k$kmwth®& i 5 o TK^sn 

[0 0 8 1 ] fit. i^l7>yi 90T, mJfScoy^ 

li^CSLft^^^^^ti, h ^ y ^ co»2 * 7)lM$%lz 
*i;fc^v>a^HI^WPPi:UTaj*S*i5. 

[ 0 0 8 2 ] S8te, **«cj&jEfcS*i&tf*:/;u 
[0 0 8 3 ] *rt <2*:/;io $tix^^$n 

fcyfr* 7s 2 3 0 0 CO h 7 y ^ (^^y;i/h77^) 3 

o i csa»$ns*x#y h 2 2 4 01 o?fcco3£&a*;r 

[ 0 0 8 4 ] c<o£?fc^*^;l/H^y 

Itte, fitrSB© c fc^JC^*^ r ^J5«»^2 2 kH z <kS 
n, h^y^tfyf^l. 6 Mm, * ^Jl' 0) S fli 
0. 03ymt$nt, gi6 4mm(D^lS^T'<X^ 

[ 0 0 8 5 ] S9te, hyvZOx-JJUB^TWnMm 

$«m-r*fcai)<D«««ffl®» 1 3 0 (D-m*7K it^ 
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[0 0 8 6 ] dco^Ss^Eii IhJS§ 1 3 0 te, mJ5£cDig*I& 
tii[sl&3 0 £[^&cofc cot h^ytrfc 

[ 0 0 8 7 ] £©«^««S«dils!Kl 3 OlCte, ft^e 
y 5 7 v 7fr*><0?y iszLZf)Vm^ Ui + j) - (k+1)} 
<h, Igfufi^ (i + j + k+1) £rt<A£<*n£>o cco^y 
tefl^ (E - F) icffi^l, *s*aft^l*fl 

10 # (E + F) K*g^T£>. 

[ 0 0 8 8 ] 2 0 tte, ^ltr>^i i 3^ 

6com^ I <i + j> - <k + I) ) &s m&7>zf 1 14^6 
cofl# (i + j+k+1) "C^^^n, fco*£JHcD <(i + j) 
-(k+1)} / (i + j + k+1) tfi h^^-^ KleJS&l 3 
2 £tf HlHl^l 3 3<hi:l^n^o 

[ 0 0 8 9 ] fit, >y^*-JPF@B 1 3 2t*- 

20 [0090] fir, ceo h ^ y ***:/;n&*tTW 
I*, D C WOlfcih®® l 3 5 izMZtl* ^com^izfo 

[0 0 9 1 ] H10I1 h ^ v z ^^y^m^-Twcoti 
^€^i±s-rsfe«)©m^ii'i6^m0Ki 3 0 cosuco-^j 
^iit^s, 

[ 0 0 9 2 ] CCOEgStte. if 2 OT^feil:^ 

0*7)l< b?y trfrZ<D7y ya^fl§©DC 
D«i02Sl3 6iaOi^t§o fit, 
h y — ;i/ 1 3 3 f h y y*-^ Hlfcl^, 

30 mn7>-7 1 3 7t2f&T^C<hlC<fcO, DCU^;U& 
ffi0& 1 3 5 C CD cfc 5 (c, 

y HISS 2 fSlt h 7 y t ^JHI^TWCO 

Jt4S£5fc«i>tt><fc(r>. 
[ 0 0 9 3] ^iC, *$g91<D h ^ y*>t/fflfflJffe<Dm 

[0094] saai/fc. *5£w\z%*b? v*>#ww 
40 i^iti^ft$nf;7 , 7 ^;pm^N p p co^<i@fi 

COBIST&*. 
[ 0 0 9 5 ] CCDl^lb^n/iy-yya^^ff^N P P 

J^TCO (3) ^t^-A^n^. 
[ 0 0 9 6 ] 



NPP = {(i + j) + (k+D) / (i + j+k+1) 
}£fz* MM b ^y *>^X^-fi#TEI*. JKATCO [ 0 0 9 7 ] 

(4) ^^feli (5) ^Aen*. 

TE = (i + j) + (k+l)} - K(NPP) XCSL 

TE = (i + j) + (k+l)} /(i + j+ k+l)-K(NPP)xCSL 
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(4) 
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T E £ £y £ IC H >f X^ilCNPPM$:^*n 

licked <hlcfc&. 

[0 0 9 8] ^fe. :©8MSnfc^r>a^H§ 
NP PC9tg«HIco&ai Jl Bft&bfccfc 5 fc, h ^ ^ + > 
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CD K y -fWOV**-)), H U7c<l;5>6*§<& £ <h^Tf 

[0099] s^-:/^ h 

[0 100] y*«#TWH j^TO 

(6) st^A^ns. 

[0101] 



Tw = |(i + j) + (k+l) }/(i + j+k+l) (6) 
t£x-< X^f&fC^mcD bf7y*>^1)--#c£>&I& J*, aTcO (7) (8) 5*<D«JHC ^ 0*£>6 

3^f^X^l:jttUri^Oh7y4 i >^X7-ftTE [0 10 2] 

TE = ((i + j) + (k+l)}-TW (Tw) XCSL (7) 

TE = {(i + j) + (k+l))/(i + j+k+l)-TW (Tw) XCSL (8) 



[0103] £-r. #5** 

;um^P poDii*s*^iif *^^h^y^^^TW<oig 20 
[0104] cne r^ny/-?^^ 

(A/D) H?g2 4 0T7y^Hlfl:«^tl, 
V< ^D3>tfo. — ^ 2 5 0 iC^t 0 
[0 10 5] ccov-r^na>tf3. — ^ 2 5 011, h ^ 

•yya^Mlf P P <DMH8fe&iZ\ZV * 7 & h 7 V 0 ft 

■^Twco^-tifitc^UT, y-f>OTi§iaoiit 

^D=r>bT^-^2 5 OT^m^tlfe h^!y^>y-9— 

^(DitlK (Kw) <fc«. Tfcx-f 

IT^O, U 2 5 5 ICte*ft£ttT4>fr< t t>7fcx>r 

Tt>i^. fix. #»sn*-*j---#fc»<DfiS«:. v-r 

[0106] Hf-AftlCiSh^y + ^^^fc 

(NPP) JfcliKw (Tw) H 3tf^X^0lir 

tic, 
a. 

[0107] ifg2 8 0lt V^^DD>tTi — ^2 
5 0 ^e»COy-f >$flP«#fcJSi;T. CSLM^lClt- 
tf&gCDMK (NPP) ^cliKw (TW) ^fl^T 

y 7 (Ditto U>X<D&®&&fc\*2t7 : 4 X*±<DX:Z# 

y b<D&W}miZfoCtcm^-C$>2>* 50 



[0 10 8] ^-LT, iHSifCgg 2 9 0T, Zf y i/^7)im 
^PP^6, ±E©1J—3j€0R»©lt^*l|t^nfcC SL 

[0 10 9] 01211 JbSB<oa»<b$nfc^y > 3.^ 
MI^NP P CD^*sM(C^t.-r Kwl0^jb$:lti& 

[0110] ^<oxo\z, mteiiztazzfy zszjLzf)\,m 

[0 1.11] 0 1311 h9y*>yi» 
□ — ^ — h "C$»^o 

[0 112] TsT-yJS im 37*-— 

^5 r ^x^co{i^®±{i^^T'5)^e)^$n^> 0 cot 

[0113] ^C, 7f7yS2t, MibStlfc^y 
•>a^MNPPOl«*«*lii$tl5. CCTIi, ffit 

tlZfy ya^JMI^N P P A / D b i£ K 2 lib 

[0114] xfy^S3T, «W2*ifc«»fb 

$tlfc/7yi^HI^NPP©liI^6, ^ig&b 

Sigfc b^y *>?fmTE £H ft^t: 
y?7Vf. ytrJXZ* h 5 y *>?MW Xj£&£<D 
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[0 115] *IC, Xf7yS4T, Hiiic*n*:1*-# 

^ii^iti^f^ x^±cd^x^^/ b<D&mm\zfoc io 
tfi^T'^^, ^ co^^ii, c s l m^&wi&y 

-7 < ^ d n > e - ^ »3*» tewr * c £ k <t o fT^n 

[0 1 1 6] ^l/T, ^T7^S5t, +J--#^&CD<iI 

mnr e steftstifc:/* ya^m^N 

pp^ifiS^n^, ±isoKfg^ ti^c s Lft 

^o&ttte* U >X&W)f%(D'7y isjL7)imnP P 20 

Zfy zs3.Zf)WB*$ P P O:* y KSr^-fVir^-r^J: 

? K £ n £ • 

[0 117] J^±O^Hl(C J: 0 . 7^**6 <£>±M 

gtKw^^iPT %m*mtz&w^m\z-D\<*xwLy\-? 30 

[0 1 1 9] HI 412. *%W\Z%Z> b7y*>?fflm 
[0 1201 Xf7^S 1 1TI1, 7 * — 

ytr* <Dtmm±tz&M't2><kz>iz2nz>. c 
<d£%. h7 >y*>^-#f**>$nT*3s-r. #5* 

>y ^IdigftLfcl*. 40 
[0121] ^l:, Xf7^Sl2T, h^*y^>v*-tt 

b^yzizmft-rz&oizfflwzn&.c 

[0122] ^C, Xfy^Snt, h^y*>^M 
LfcctoC, N -y y**-;U HESS 50 



) mW- 1 1 - 6 6 5 7 9 

18 

^yi/a^mNP P£ A / D b fC 21{tL 
[0 12 3] ^IC, Xt77^S 14T, &thl* tlfiiV * 

y^K7*^n^TW0iiiit^6. mmfr b ^ y*> 

:t, IlJi b?y*>ffm^TEt\Z* yt^^ytr 

SnfcgtitK** LT* h7 y^-ftl <fr% b 

7 y ^>^X^-m^-Cfe^>«, fit, COit — 

m^TW(DM<mmlzft'?2>mmm&m*:. ^^mmvtz 

[0124] ^(C, Xf«;ysl5T, * fcfc $ tl it - 
fi^li, mJ^b^^^fC, yfc^fc^y*y>y ^CDM1^U> 

^y>^tc5iL, v-#m$k<Dmtzft}£'r2>7>7Y't 

[0125] tit, X^-/^S16"Cf, it — 
liKw«t*#Snfc (Kwfg^tl*:) CSLif§^y-> 
ya^ifPP^b^$nt, mmtLb^y*>? 
X^-ft^T E£*§£*:£>CD:/*y y^yjU^W P P# 

zict, ±iscDKwfg^nyt c s lh^© 

y b<Dm&£mc'e$>o . nmuyx&mmvjy 
7)l>m*%<0*7 J ty hSr^^vir^-rscfc-pfcsns. 

[0126] £k±<D^miZ<£K) . b ^> y 

[0 12 7] ft*3, «±Stt^L/fc*l2^«>**fiiO»»T 
tt, il6 {C^J^O^^^tC*3V^T^^tti§i 2 2 5 $^ 
ffllt h7 -y ^>^$!lP£ff ^mGZmfels-C&lWVIZ 

WAtf, HI 6<7)7t^ttS§§2 13, 2 1 5(DJ;o 
tC, Tfex^ X^T*Slt^nx^r^:3t^#v M 1 (sIH^f 
ytftft*2r>\ZftttZ>£.o Kl5te«US#ESS*lfc£3fc 

r^^±0h7^(h0^t^(t U fc^ffTfc 
S^Rli?6t<. ¥ff ^6 4 5 &mmo ft m&T?-b ft lz®j 

[0128] 
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[02] TPPil^lC^^TUiit^fc^tOST*^. 

[S3] jSttjk$nfc^^>a^^NPPOlS* 

[04] ±IBom^^ E l 1 S^^lHl^^^ li 6*1-5 h v 

[05] anftsn&^ys/a^m^NPPoia* 

[06] ±I2cofi^-^tl3lHlS&cDD C^^IhISSO — ^JS:^ 

[07] *»^«C«* h ^ y *>^«flffllSlflOS'J<0«J« 
[08] h ^ * *K-3^TKW-r*fc*&0>HT 



( 11 ) tlifl 1 - 6 6 5 7 9 
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ig *i & ai 0 ss <d - m £ ^ -r ia -c & ^ . 

[010] *«^TW©««€:ttfcB-r* 

[01 i] h *>yitfif8i*a*afflr 

[0 12] ~>^^;K1^-N P PcDH«i 

7*-f0T&£o 
[01 3] *%m\Z&Z> h ^ y ^r>y»P»te»Cfc 0 . 
10 JHttffcSnfc:/* ya^HI^NPP^^^T-^-^i 

[014] *X9HCtt« h ^ y*r>#®Wl5m\Z*l*)* 
[0 15] lh'-A^iaOh 7y*>^l7-^& 

20 [016] ±&<D?t¥&tzm ztizyt&ih&co&ytw 
<Dm&iz^^Tm.W'fz>frst><Dm'v$>z> 0 

11. 12 A^J^f » 1 3 
J0*7>:/, 2 0f^p:iHlSS, 
g§, 4 0 A/D^&HJSS, 

6 5, 6 6 h yVsfc — ;U FB*. 7 0, 7 1 
«*7>:A 80 mW7>7* 90i^f7>y, 

99 m^^^ 
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